The transmission of monetary policy to the economy is generally thought to have long and variable lags. In this paper we quantitatively review the modern literature on monetary transmission to provide stylized facts on the average lag length and the sources of variability.
Introduction
Policymakers need to know how long it takes before their actions fully transmit to the economy and what determines the speed of transmission. A common claim about the transmission mechanism of monetary policy is that it has "long and variable" lags (Friedman, 1972; Batini & Nelson, 2001; Goodhart, 2001 ). This view has been embraced by many central banks and taken into account during their decision making: most inflation-targeting central banks have adopted a value between 12 and 24 months as their policy horizon (see, for example, Bank of England, 1999; European Central Bank, 2010) . Theoretical models usually imply transmission lags of similar length (Taylor & Wieland, 2012) , but the results of empirical studies vary widely.
In this paper we quantitatively survey studies that employ vector autoregression (VAR) methods to investigate the effects of monetary policy shocks on the price level. We refer to the horizon at which the response of prices becomes the strongest as the transmission lag, and collect 198 estimates from 67 published studies. The estimates of transmission lags in our sample are indeed variable, and we examine the sources of variability. The meta-analysis approach allows us to investigate both how transmission lags differ across countries and how different estimation methodologies within the VAR framework affect the results. Meta-analysis is a set of tools for summarizing the existing empirical evidence; it has been regularly employed in medical research, but its application has only recently spread to the social sciences, including economics (Stanley, 2001; Disdier & Head, 2008; Card et al., 2010; Havranek & Irsova, 2011) . By bringing together evidence from a large number of studies that use different methods, meta-analysis can extract robust results from a heterogeneous literature.
Several researchers have previously investigated the cross-country differences in monetary transmission. Ehrmann (2000) examines 13 member countries of the European Union and finds relatively fast transmission to prices for most of the countries: between 2 and 8 quarters. Only France, Italy, and the United Kingdom exhibit transmission lags between 12 and 20 quarters. In contrast, Mojon & Peersman (2003) find that the effects of monetary policy shocks in European economies are much more delayed, with the maximum reaction occurring between 16 and 20 quarters after the shock. Concerning cross-country differences, Mojon & Peersman (2003) argue that the confidence intervals are too wide to draw any strong conclusions, but they call for further testing of the heterogeneity of impulse responses. Boivin et al. (2008) update the results and conclude that the adoption of the euro contributed to lower heterogeneity in monetary transmission among the member countries. Cecchetti (1999) finds that for a sample of advanced countries transmission lags vary between 1 and 12 quarters. He links the country-specific strength of monetary policy to a number of indicators of financial structure, but does not attempt to explain the variation in transmission lags. In a similar vein, Elbourne & de Haan (2006) investigate 10 new EU member countries and find that the maximum effects of monetary policy shocks on prices occur between 1 and 10 quarters after the shock. These papers typically look at a small set of countries at a specific point in time; in contrast, we collect estimates of transmission lags from a vast literature that provides evidence for 30 different economies during several decades. Moreover, while some of the previous studies seek to explain the differences in the strength of transmission, they remain silent about the factors driving transmission speed.
In this paper we attempt to fill this gap and associate the differences in transmission lags with a number of country and study characteristics. Our results suggest that the transmission lags reported in the literature really do vary substantially: the average lag, corrected for misspecification in some studies, is 29 months, with a standard deviation of 19 months.
Post-transition economies in our sample exhibit significantly faster transmission than advanced economies, and the only robust country-specific determinant of the length of transmission is the degree of financial development. In developed countries financial institutions have more opportunities to hedge against surprises in monetary policy stance, causing greater delays in the transmission of monetary policy shocks. Concerning variables that describe the methods used by primary studies, the frequency of the data employed matters for the reported transmission lags. Our results suggest that researchers who use monthly data instead of quarterly data report systematically faster transmission.
The remainder of the paper is structured as follows. Section 2 presents descriptive evidence concerning the differences in transmission lags. Section 3 links the variation in transmission lags to 33 country-and study-specific variables. Section 4 contains robustness checks. Section 5 summarizes the implications of our key results.
Estimating the Average Lag
We attempt to gather all published studies on monetary transmission that fulfill the following three inclusion criteria. First, the study must present an impulse response of the price level to a shock in the policy rate (that is, we exclude impulse responses of the inflation rate). Second, the impulse response in the study must correspond to a one-percentage-point shock in the interest rate, or the size of the monetary policy shock must be presented so that we can normalize the response. Third, we only include studies that present confidence intervals around the impulse responses-as a simple indicator of quality. The primary studies fulfilling the inclusion criteria are listed in Table 1 . More details describing the search strategy can be found in a related paper (Rusnak et al., 2012) , examining which method choices are associated with reporting the "price puzzle" (the short-term increase in the price level following a monetary contraction). Eichenbaum (1992) Notes: The search for primary studies was terminated on September 15, 2010. A list of excluded studies, with reasons for exclusion, is available in the online appendix.
After imposition of the inclusion criteria, our database contains 198 impulse responses taken from 67 previously published studies and provides evidence on the monetary transmission mechanism for 30 countries, mostly developed and post-transition economies. The database is avail- Researchers often discuss the number of months to the maximum decrease in prices in the case of hump-shaped impulse responses. On the other hand, researchers rarely interpret the timing of the maximum decrease in prices for strictly decreasing impulse responses, as the implied transmission lag often seems implausibly long. Moreover, a strictly decreasing response may indicate nonstationarity of the estimated VAR system (Lütkepohl, 2005 ). Nevertheless we do not limit our analysis to hump-shaped impulse responses since both types are commonly reported: in the data set we have 100 estimates of transmission lags taken from hump-shaped Notes: The table shows the average number of months to the maximum decrease in prices taken from all the impulse responses reported for the corresponding country. We only show results for countries for which the literature has reported at least five impulse responses.
The average of 33.5 is constructed based on data for 30 different countries. To investigate whether transmission lags vary across countries, we report country-specific averages in Table 3 (we only show results for countries for which we have collected at least five observations from the literature). We divide the countries into two groups: developed economies and post-transition We examine the possible sources of the cross-country heterogeneity in the next section.
Explaining the Differences
Two general reasons may explain why the reported transmission lags vary: First, structural differences across countries may cause genuine differences in the speed of transmission. Second, characteristics of the data and other aspects of the methodology employed in the primary studies, such as specification and estimation characteristics, may have a systematic influence on the reported transmission lag.
We collected 33 potential explanatory variables. Several structural characteristics that may account for cross-country differences in the monetary transmission mechanism have been suggested in the literature (Dornbusch et al., 1998; Cecchetti, 1999; Ehrmann et al., 2003) . Therefore, to control for these structural differences we include GDP per capita to represent the country's overall level of the development, GDP growth and Inflation to reflect other macroeconomic conditions in the economy, Financial development to capture the importance of the financial structure, Openness to cover the exchange rate channel of the transmission mechanism, and Central bank independence to capture the influence of the institutional setting and credibility on monetary transmission. These variables are computed as averages over the periods that correspond to the estimation periods of the primary studies. data, methodology, and publication characteristics of the primary studies. The definitions of the variables are provided in Table 4 together with their summary statistics.
Rather than estimating a regression with an ad hoc subset of explanatory variables, we formally address the model uncertainty inherent in meta-analysis (in other words, many method variables may be important for the reported speed of transmission, but no theory helps us select which ones). There are at least two drawbacks to using simple regression in situations where many potential explanatory variables exist. First, if we put all potential variables into one regression, the standard errors get inflated since many redundant variables are included.
Second, sequential testing (or the "general-to-specific" approach) brings about the possibility of excluding relevant variables.
To address these issues, Bayesian model averaging ( we need to turn to the numerical results of the BMA estimation, reported in Table 5 . Table 5 shows the posterior means (weighted averages of the models displayed in Figure 3) for all regression parameters and the corresponding posterior standard deviations. According to Masanjala & Papageorgiou (2008) , variables with the ratio of the posterior mean to the posterior standard deviation larger than 1.3 can be considered effective (or "statistically significant" in the frequentist case). There are only three such variables: Financial development, Monthly, and Strictly decreasing. First, our results suggest that a higher degree of financial development in the country is associated with slower transmission of monetary policy shocks to the price level. Moreover, when researchers use monthly data in the VAR system, they are more likely Notes: Estimated by Bayesian model averaging. Response variable: transmission lag (the number of months past to the maximum decrease in prices taken from impulse responses). PIP = posterior inclusion probability. The posterior mean is analogous to the estimate of the regression coefficient in a standard regression; the posterior standard deviation is analogous to the standard error of the regression coefficient in a standard regression. Variables with posterior mean larger than 1.3 posterior standard deviations are typeset in bold; we consider such variables effective (following Masanjala & Papageorgiou, 2008) . 
Robustness Checks and Additional Results
Our analysis, based on the results of BMA, attributes the differences in transmission lags between (and within) developed and post-transition countries to differences in the level of financial development. The BMA exercise carried out in the previous section controls for methodology and other aspects associated with estimating impulse responses. Nevertheless, it is still useful to illustrate that the differences in results between developed and post-transition countries are not caused by differences in the frequency of reporting strictly decreasing impulse responses or impulse responses showing the price puzzle. To this end, we replicate Table 3 but only focus on the subsamples of impulse responses that are hump-shaped (Table 6) or that do not exhibit the price puzzle (Table 7) . Table 3 , now we only have approximately half the number of observations, and for some countries we are even left with less than five impulse responses, which makes the average number imprecise. Second, strictly decreasing impulse responses, which are as- sociated with longer transmission lags, are more often reported for developed economies than for post-transition economies. The reason is that shorter data spans are available for posttransition countries, which makes researchers often choose monthly data. Since monthly data are associated with shorter reported lags, researchers investigating monetary transmission in post-transition countries are less likely to report strictly decreasing impulse responses. Nevertheless, in the BMA estimation we control for data frequency as well as for the shape of the impulse response, and financial development still emerges as the most important factor causing cross-country differences in transmission lags.
In our baseline model from the previous section we combine data from hump-shaped and strictly decreasing impulse response functions. For strictly decreasing impulse responses, however, our definition of the transmission lag (the maximum effect of a monetary contraction on prices) is influenced by the reporting window chosen by researchers. To see whether the result concerning financial development is robust to omitting data from strictly decreasing impulse response functions, we repeat the BMA estimation from the previous section using a subsample of hump-shaped impulse responses.
The results are presented graphically in Figure 4 . The variable corresponding to financial development retain its estimated sign from the baseline model and still represents the most important country-level factor explaining the differences in monetary transmission lags. Compared to the baseline model, in this specification additional method variables seem to be important.
The use of other measures than GDP, the output gap, or industrial production as a proxy for economic activity is associated with slower reported transmission. The choice to represent prices by the GDP deflator instead of the consumer price index on average translates into longer By excluding all strictly decreasing impulse responses, however, we lose half of the information contained in our data set. For this reason we consider a second way of taking into account the effect of the reporting window: censored regression. The reporting window of primary studies is often set to five years, so we use 60 months as the upper limit and estimate the regression using the Tobit model. (Changing the upper limit to three or four years, which are sometimes used as the reporting window, does not qualitatively affect the results). Unfortunately, it is cumbersome to estimate Tobit using BMA. Thus, we estimate a general model with all potential explanatory variables and then employ the general-to-specific approach. The general model is reported in Table B1 in Appendix B. The inclusion of all potential explanatory variables, many of which may not be important for explanation of the differences in transmission lags,
inflates the standard errors of the relevant variables. Hence, in the next step we eliminate the insignificant variables one by one, starting from the least significant variable. As mentioned before, the general-to-specific approach is far from perfect-but in this case it represents an easy alternative to BMA. Notes: Standard errors in parentheses. Estimated by Tobit with the upper limit for transmission lags equal to 60 months. The specific model is a result of the backward stepwise regression procedure applied to the general model, which is reported in Appendix B (the cut-off level for p-values was 0.1). * * * , * * , and * denote significance at the 1%, 5%, and 10% levels, respectively.
The results presented in Table 8 and Table B1 corroborate that, even using this methodology, financial development is highly important for the explanation of transmission lags; in both specifications it is significant at the 1% level. The use of monthly data is associated with faster reported transmission, which is also consistent with the baseline model. In line with our results from the previous sections, Table 8 suggests that impulse responses exhibiting the price puzzle are likely to show longer transmission lags. In contrast to the baseline model, some other variables seem to be important as well: GDP per capita, Inflation, and Openness, among others. Because, however, the results concerning these variables are not confirmed by other specifications, we do not want to put much emphasis on these variables. The variable Strictly decreasing, which was crucial for the baseline BMA estimation, is omitted from the present analysis because it defines the censoring process.
So far we have analyzed the time it takes before a monetary contraction translates into the maximum effect on the price level. The extent of the maximum effect, however, varies a lot across different impulse responses. Therefore, as a complement to the previous analysis, we collect data on how long it takes before a one-percentage-point increase in the policy rate leads to a decrease in the price level of 0.1%. This number was chosen because most of the impulse response functions in our sample (173 out of 198) reach this level at some point. In contrast, if
we chose a value of 0.5%, for example, we would have to disregard almost two thirds of all the impulse responses.
The results of the BMA estimation using the new response variable are reported in Figure 5 .
Again, the shape of the impulse response and the frequency of the data used in the VAR system seem to be associated with the reported transmission lag. for example, the use of sign restrictions, structural VAR, and seasonal adjustment. Our results also suggest that articles published in journals with a high impact factor tend to present faster monetary transmission.
Concluding Remarks
Building on a sample of 67 previous empirical studies, we examine why the reported transmission lags of monetary policy vary. Our results suggest that the cross-country variation in transmission is robustly associated with differences in financial development. To explain the variation of results between different studies for the same country, the frequency of the data used is important: the use of monthly data makes researchers report transmission faster by 4 months, holding other things constant. This is in line with Ghysels (2012) , who shows that responses from low-and high-frequency VARs may indeed differ due to mixed-frequency sampling or temporal aggregation of shocks. The shape of the impulse response matters as well.
Strictly decreasing impulse responses, which may suggest that the underlying VAR system is not stationary, exhibit much longer transmission lags.
The key result of our meta-analysis is that a higher degree of financial development translates into slower transmission of monetary policy. The finding can be interpreted in the following way. If financial institutions lack opportunities to protect themselves against unexpected monetary policy actions (due to either low levels of capitalization or low sophistication of financial instruments provided by the undeveloped financial system), they need to react immediately to monetary policy shocks, thus speeding up the transmission. In financially developed countries, in contrast, financial institutions have more opportunities to hedge against surprises in monetary policy stance, causing greater delays in the transmission of monetary policy shocks.
More generally, our results imply that monetary transmission may slow down as the financial system of emerging countries develops, since financial innovations allow banks to protect better against surprise shocks in monetary policy. Notes: Standard errors in parentheses. Estimated by Tobit with the upper limit for transmission lags equal to 60 months. * * * , * * , and * denote significance at the 1%, 5%, and 10% levels, respectively.
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